Objectives To review randomised controlled trials of treatment with a proton pump inhibitor in patients with ulcer bleeding and determine the impact on mortality, rebleeding, and surgical intervention. Design Systematic review and meta-analysis. Data sources Cochrane Collaboration's trials register, Medline, and Embase, handsearched abstracts, and pharmaceutical companies. Review methods Included randomised controlled trials compared proton pump inhibitor with placebo or H 2 receptor antagonist in endoscopically proved bleeding ulcer and reported at least one of mortality, rebleeding, or surgical intervention. Trials were graded for methodological quality. Two assessors independently reviewed each trial, and disagreements were resolved by consensus. Results We included 21 randomised controlled trials comprising 2915 patients. Proton pump inhibitor treatment had no significant effect on mortality (odds ratio 1.11, 95% confidence interval 0.79 to 1.57; number needed to treat (NNT) incalculable) but reduced rebleeding (0.46, 0.33 to 0.64; NNT 12) and surgery (0.59, 0.46 to 0.76; NNT 20). Results were similar when the meta-analysis was restricted to the 10 trials with the highest methodological quality: 0.96, 0.46 to 2.01, for mortality; 0.41, 0.25 to 0.68, NNT 10, for rebleeding; 0.62, 0.46 to 0.83, NNT 25, for surgery. Conclusions Treatment with a proton pump inhibitor reduces the risk of rebleeding and the requirement for surgery after ulcer bleeding but has no benefit on overall mortality.
Introduction
Peptic ulcers are the main cause of upper gastrointestinal bleeding, 1 2 which is associated with considerable morbidity and mortality. Endoscopic findings that predict rebleeding, surgical intervention, and death include active arterial bleeding, oozing of blood, or a non-bleeding visible vessel. 3 Patients with an adherent clot in the base of the ulcer are at lower risk. 4 5 A metaanalysis of randomised controlled trials of various forms of endoscopic haemostatic therapy for ulcer bleeding showed significant reductions in rebleeding, surgical intervention, and mortality among patients with important findings on endoscopy. 6 The role of treatment with proton pump inhibitors for patients with active or recent ulcer bleeding is controversial. If given in an adequate dose by continuous intravenous infusion, proton pump inhibitors can maintain intragastric pH at 6 or above. 7 8 At those levels of pH, peptic activity is minimised, platelet function is optimised, and fibrinolysis is inhibited; these effects should help to stabilise clot formation over an ulcer. Although proton pump inhibitors are already widely used for ulcer bleeding, 9 10 intravenous therapy may have been overused and given inappropriately for patients at low risk. 11 12 We systematically reviewed the published literature and analysed the results by meta-analysis to define the contribution of proton pump inhibitors to the management of ulcer bleeding.
Methods
We performed a computerised literature search up to February 2003 of Medline, Embase, the Cochrane Central Register of Controlled Trials, and the specialised trials register of the Cochrane Upper Gastrointestinal and Pancreatic Diseases Group. We also handsearched articles for additional citations, reviewed the proceedings of major conferences up to February 2003, and contacted pharmaceutical companies that marketed proton pump inhibitors. For data available only in abstract form, we contacted original authors when necessary.
We included randomised controlled trials that compared a proton pump inhibitor with placebo or an H 2 receptor antagonist for treating ulcer bleeding. Bleeding had to have been confirmed endoscopically, and trials had to have reported at least one of mortality, rebleeding, or surgery. Our primary outcome measure was mortality within 30 days of randomisation. Secondary outcomes measures included recurrent ulcer bleeding and surgery for ulcer bleeding within 30 days of randomisation. Two reviewers independently checked each identified trial and determined inclusion and grading of methodological quality, which depended on concealment of allocation (grade A = adequate; grade B = uncertain; grade C = inadequate; grade D = not randomised); disagreements were resolved by consensus. Data were extracted on the method of randomisation; inclusion and exclusion criteria; details of all therapeutic interventions, including the dose and delivery method and control treatment; duration of treatment; and any cointerventions including endoscopic haemostatic therapy. We also extracted mean age or age range; sex ratio; ethnicity; numbers assigned to each treatment group; numbers with comorbid conditions; baseline comparison of treatment groups with respect to site of bleeding ulcer (that is, duodenal or gastric) and signs of recent haemorrhage (spurting, oozing, nonbleeding visible vessel, and adherent clot); degree of blinding of assessors of outcomes, patients, and investigators; numbers of patients withdrawn with reasons; outcomes reported according to source of haemorrhage at initial endoscopy; and any adverse reactions to treatment.
We performed meta-analysis of outcomes as appropriate by combining trials by the Mantel-Haenszel method (RevMan, version 4.2.2). Statistical heterogeneity was evaluated, and P < 0.1 was considered significant. Primary and secondary outcomes were summarised as odds ratio and 95% confidence intervals. We used a fixed effect model unless there was significant heterogeneity, in which case we applied a random effects model. We also derived pooled values for number needed to treat.
Using predetermined sensitivity analyses, we examined the influence of the degree of study validity, the type of control treatment, the initial use of endoscopic haemostatic therapy, the site of ulcer, the presence of signs of recent haemorrhage at the initial endoscopy, restriction of the analysis to trials using intravenous (as opposed to oral) proton pump inhibitors, and restriction of the analysis to trials that had used a high intravenous dose. Our predetermined definition of "high dose" was the equivalent of omeprazole as an intravenous bolus of 80 mg followed by a continuous intravenous infusion of 8 mg/hour for 72 hours.
Results
We initially identified 172 articles. Of these, we excluded 151 because they were not randomised controlled trials, the control group received neither placebo nor H 2 receptor antagonist, they reported only pH data, they were abstracts of subsequently published randomised controlled trials, duplicate publication, it was not possible to isolate outcome data for patients with ulcer bleeding, or they did not report any of our predetermined outcomes. Contact with pharmaceutical companies in Europe and North America provided no additional data. Twenty one trials met our predefined inclusion criteria, 18 were full peer reviewed publications, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] and three were abstracts. [31] [32] [33] The funnel plots for the three outcomes of interest show slight asymmetry, suggesting the possibility of publication bias (fig 1) . Table  1 summarises the characteristics of the trials, and table 2 summarises the main results. Treatment with proton pump inhibitors was associated with reduced rebleeding and surgery but not with mortality. Figures 2, 3 , and 4 show the forest plots for the three outcome measures.
In a planned subgroup analysis of the 10 trials with grade A concealment of allocation we obtained essentially similar results; the odds ratios (95% confidence intervals) for mortality, rebleeding, and surgery were 0.96 (0.46 to 2.01), 0.41 (0.25 to 0.68), and 0.62 (0.45 to 0.83), respectively. We could not calculate number needed to treat for mortality. The number needed to treat for rebleeding and surgery was 10 (6 to 25) and 25 (14 to 50), respectively. In another subgroup analysis of the 13 trials that routinely used endoscopic haemostatic therapy before randomisation, the pooled odds ratios for mortality, rebleeding, and surgery were 1.01 (0.64 to 1.61), 0.52 (0.39 to 0.70), and 0.53 (0.35 to 0.79). Table 3 shows the results of this and other planned subgroup analyses according to the type of control treatment (placebo or H 2 receptor antagonist), route of administration of proton pump inhibitor (intravenous or oral), and severity of ulcer bleeding.
Discussion
Proton pump inhibitors are widely used for patients with ulcer bleeding of varying severity, 9-12 though it has not been specifically approved for that indication. Given the morbidity, mortality, and healthcare costs associated with bleeding peptic ulcer, it is important to establish definitively whether early treatment with proton pump inhibitors is associated with any meaningful clinical benefit. We deliberately focused on the use of proton pump inhibitors in patients with a proved diagnosis of ulcer bleeding and cannot, therefore, make any conclusions about use for managing other causes of upper gastrointestinal tract bleeding. Although one trial included patients with non-ulcer bleeding, 14 we excluded those patients from our analysis. The other trials we included were confined to patients with a proved diagnosis. While we cannot exclude the possibility of some publication bias (see fig 1) , our search was rigorous and we did not identify any other trials through contact with pharmaceutical companies. We used odds ratios rather than absolute risk reduction as our pooled summary statistic. Though absolute risk reduction would have allowed the simple calculation of numbers needed to treat, a pooled number needed to treat derived from a meta-analysis of absolute risk differences can be misleading as baseline risk often varies considerably among included trials. 34 We have, however, reported pooled number needed to treat for clinical applicability.
Overall, we found no evidence that treatment with proton pump inhibitors reduces mortality after ulcer bleeding. There were, however, significant reductions in rates of rebleeding and surgery. Much of the mortality after an episode of ulcer bleeding may be unrelated to continued or recurrent bleeding but to comorbid disease. 35 Alternatively, there may have been too few patients in our pooled analysis of mortality data to enable us to detect a difference. The data are also compatible with treatment causing a small excess of deaths, which we consider unlikely on clinical grounds. In most trials, we could not determine whether deaths were attributable to comorbid conditions. Some trials compared proton pump inhibitor therapy with placebo and others with an H 2 receptor antagonist, though this is unlikely to have made any substantive difference in results. A meta-analysis by Collins and Langman, 36 and its update by Levine and colleagues, 37 found no benefit of intravenous H 2 receptor antagonist over intravenous placebo in clinically important outcomes of bleeding duodenal ulcer and, at best, only small benefits in bleeding gastric ulcer.
This meta-analysis included randomised controlled trials of oral or intravenous proton pump inhibitor therapy; both methods of administration were associated with reduced rebleeding (table 3) . Oral treatment is widely available and has the obvious advantage of costing less than intravenous administration. In areas of the world where intravenous treatment is unavailable or particularly expensive, oral treatment would be appropriate. Furthermore, it would be less costly for any patient with recent ulcer bleeding who did not require endoscopic haemostatic therapy. Some trials of intravenous proton pump inhibitor treatment gave intermittent bolus injections, while others used a continuous infusion after a single intravenous bolus (table 1) . These high dose regimens have been shown to maintain intragastric pH around 6.0. 7 8 The continuous administration of proton pump inhibitor is not associated with the development of pharmacological tolerance, unlike continuous H 2 receptor antagonist administration. 38 Our predetermined subgroup analysis examining only those trials that had used such high doses found no significant reduction in mortality, but significant reductions in rebleeding and rates of surgery (table 3) .
It was important to determine whether the addition of intravenous proton pump inhibitor therapy to appropriate endoscopic haemostatic therapy had any added benefit for those patients at the greatest risk. In our subgroup analysis of the trials that used endoscopic haemostatic therapy before randomisation we found no evidence for any effect on mortality, though there was a significant reduction in rebleeding. Of the trials that provided specific outcome data for patients with active arterial bleeding, oozing of blood, or a non-bleeding visible vessel, only five routinely incorporated some form of endoscopic haemostatic therapy before randomisation. In the five trials that did not routinely use endoscopic haemostatic therapy, proton pump inhibitor treatment was associated with significant reductions in rebleeding and surgical intervention but not in mortality. Failure to use endoscopic haemostatic therapy for such patients, however, would be considered as outside standard care. Proton pump inhibitor therapy is not an alternative to appropriate endoscopic haemostatic therapy, as shown in a trial from Hong Kong that randomised patients with bleeding ulcer and adherent clot or non-bleeding visible vessel to high dose intravenous omeprazole alone or to the combination of endoscopic haemostatic therapy and high dose intravenous omeprazole. 39 Treatment with high dose intravenous omeprazole alone was associated with a significantly higher rate of rebleeding and a longer duration of hospital stay than combination therapy.
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